The morphology of infective third-stage larvae of Rhabdias bufonis, R. rubrovenosa, R. sphaerocephala, R. fuscovenosa, R. elaphe, Entomelas entomelas and E. dujardini is described. The sheath structure in the studied larvae appeared to be similar to that described in other species of the family Rhabdiasidae, its chequered aspect being caused by a combination of outer longitudinal striations and inner longitudinal as well as transverse ridges. The larvae were similar in general morphology but differed in the presence/absence of anterior apical protuberances (pseudolabia), the shape and ornamentation of the tail tip, and the structure of lateral alae in the caudal region of the body. No relationship between the morphological characters of the larvae of the studied species and their taxonomic position or specificity of adult parasites to a particular host group was observed. Regardless, the larvae of each species can be identified by a combination of morphological peculiarities in the anterior and caudal regions of the body.
Introduction
Nematodes of the family Rhabdiasidae Railliet, 1915 are mostly lung-dwelling parasites of amphibians and squamate reptiles. Heterogony, i.e. alternation of free-living and parasitic generations in the life cycle, is characteristic for the Rhabdiasidae (Anderson 2000) . Free-living stages develop in host faeces and soil. The final stage of the free-living phase is the infective third-stage larva. In most species, infective larvae (IL) develop from offspring of the free-living generation. However, in species of Rhabdias Stiles et Hassall, 1905 that parasitize snakes and in Chabirenia cayannensis Lhermitte-Vallarino, Bain, Deharo, Bertani, Voza, Attout et Gaucher, 2005 from lizards IL may develop directly from the eggs of the parasitic generation (Lhermitte-Vallarino et al. 2005; Langford and Janovy 2009; Kuzmin 2013) . The IL of species parasitizing amphibians infect their hosts by direct skin penetration, whereas parasites of reptiles infect their hosts orally and may use transport hosts (Chu 1936; Anderson 2000; Langford and Janovy 2009 ).
At least 10 species of the Rhabdiasidae occur in the Western Palaearctic (Kuzmin 2013) . Their life cycles are known (Mecznikow 1865; Seurat 1920; Goodey 1924; Kuzmin 1997; Kuzmin and Miskov 1999; Kuzmin 2013 ) and the IL were described briefly. Seurat (1920) noted the longitudinal striation of the sheath in IL of Entomelas dujardini (Maupas, 1916) , and Goodey (1924) described both longitudinal and transverse striations in IL of R. fuscovenosa (Railliet, 1899) . In the latter species Goodey (1924) also noted the swelling of the oesophagus at its mid-length and the rounded tip of the larval tail. A similar shape of the tail of the IL was recorded in R. sphaerocephala Goodey, 1924 and R. elaphe Sharpilo, 1976 (Kuzmin 1997; Kuzmin and Miskov 1999) . In the latter species, the longitudinal striation of the sheath as well as the transverse striation of the cuticle of the IL was observed (Kuzmin and Miskov 1999) .
The morphology of IL of European rhabdiasids has not been studied in detail. Conversely, although incomplete, some detailed information on the morphology of IL of species from other regions has been published. Baker (1979) described two lateral protuberances on the anterior extremity of IL of R. americanus Baker, 1978 from North-American amphibians. Dorsal and ventral protuberances were found in IL of R. brygooi Lhermitte-Vallarino, Barbuto et Bain, 2010 from Malagasy chameleons . Lhermitte-Vallarino and Bain (2004) and Lhermitte-Vallarino et al. (2008 described the presence of lateral alae and several small buds on the posterior extremities of IL of R. chamaeleonis (Skrjabin, 1916) , R. jarki LhermitteVallarino et Bain, 2004 , R. okuensis Lhermitte-Vallarino et Bain, 2008 , R. mariauxi Lhermitte-Vallarino et Bain, 2009 and R. brygooi Lhermitte-Vallarino, Barbuto et Bain, 2010 from chameleons in Africa and Madagascar. These buds were assumed to be characteristic of the IL of species from chameleons, whereas in species from amphibian hosts the tail end was sharply pointed or rounded, without ornamentation .
In order to obtain comparable data on the morphology of IL from a wider range of rhabdiasid parasites we studied the available material on seven species of the family in Europe belonging to two genera, Rhabdias and Entomelas Travassos, 1930 . Among the studied species of Rhabdias two are parasites of snakes (R. elaphe and R. fuscovenosa) and three are parasites of amphibians [R. bufonis (Schrank, 1788), R. sphaerocephala and R. rubrovenosa (Schneider, 1866) ]. The study focused primarily on the shape and structure of the sheath, as well as on the structure of the anterior and posterior extremities of the larvae.
Materials and Methods
Infective larvae were obtained from laboratory cultures maintained using the method of Chu (1936) or its modification by Langford and Janovy (2009) . Excepting E. entomelas (Dujardin 1845) and E. dujardini, host faeces were used as culture media for all species. The free-living stages of the latter two were cultured in garden soil, since they are usually coparasitic in the same host individual and their eggs are mixed in the faeces. For the cultures of E. entomelas and E. dujardini, eggs of the parasitic generation were obtained from the uteri of gravid specimens. For the remaining species, eggs were obtained both from the colon of the host and directly from gravid parasites. Hosts and localities for each rhabdiasid species studied are given in Table I . Host taxonomy follows Frost (2013) and Ananjeva et al. (2006) .
The larvae collected from cultures were fixed in hot 70% alcohol, cleared in lactophenol or a phenol-glycerine mixture (3:1) and studied under a Wild compound microscope equipped with a drawing tube and under a Zeiss Axio Imager M1 microscope with differential interference contrast and equipped with a digital camera. Measurements were taken from drawings and photomicrographs and are given in micrometres. Three specimens of each species were measured.
For detailed studies of the anterior and posterior parts of the larvae that were of particular interest, larvae were exsheathed manually by gently rolling the cover glass on the slide.
Results

General characters
Ensheathed larvae are elongated, spindle-shaped, their maximum width somewhat anterior to mid-body (Fig. 1A) . The anterior extremity is rounded, the posterior end tapering.
The sheath is of uniform thickness except for the apical region, where a thickening is present, often accompanied by an inwardly directed conical projection (the remnant of the stoma of the second-stage larva) (Figs 1B, 8A). The outer surface of the sheath bears longitudinal striations, composed of rounded longitudinal ridges. Some of these ridges fuse in the anterior and posterior parts of the sheath ( Figs 1C, 2C ). On both lateral surfaces, two or three ridges are lower than the others and appear somewhat flattened (Fig. 1C) . On the inner surface of the sheath, the longitudinal ridges are concave, whereas the spaces between them turn into convex ridges. The latter are crossed by the ridges that form the inner transverse striae of the sheath. The combination of longitudinal and transverse striae gives the sheath its characteristic chequered aspect, with rectangular or square-shaped concave cells on the inner surface. Posteriorly the striation is interrupted on the ventral surface by the anal opening of the sheath, which is oval-shaped, transversely elongated and surrounded by a circular thickening (Fig. 2C) . The anal opening of the sheath usually does not coincide with the anus of the larva. In the specimens studied herein, the tail of the sheath is conical with a pointed tip, with or without constrictions or dilations at the level of the larval posterior extremity.
In fixed specimens, the larva is usually shorter than the inner space provided by the sheath, leaving some gaps between the larva and its sheath in the anterior and posterior regions.
The larval cuticle is thin, with fine transverse striations. Lateral alae are usually present as two parallel cuticular ridges (Fig. 4A ). In the caudal region, these alae are more conspicuous in some species, or, in contrast, indistinct in others. The anterior end of the larvae is rounded, with or without ventral and dorsal apical protuberances (pseudolabia). The vestibulum is short. The stoma usually consists of two parts ( Fig. 1B) : the anterior half is funnel-shaped, somewhat widened anteriorly, the posterior half is cylindrical, with parallel walls; the walls are of almost uniform thickness, with slight thickenings present only on the anterior and posterior edges. The posterior half of the stoma is surrounded with oesophageal tissue to a varying degree. The oesophagus consists of three distinct parts: the corpus, with a more or less distinct posterior dilation, a narrow isthmus, and a dilated posterior bulb (Fig. 1B) . The muscular fibres in the metacorpus or the valve in the posterior bulb that are usually seen in first-and second-stage rhabditoid larvae are absent in IL of the present species. In fixed specimens, the anterior part of the corpus is often shrunk. The nuclei of the oesophageal glands in the bulb are large, conspicuous ( Figs 1A, B) . The nerve ring encircles the oesophagus just posterior to the metacorpal dilation. The intestine is straight, lacking a lumen. The cells of the intestine are filled with small spheroid granules. The rectum is tubular, thin. Phasmids are present on the lateral surfaces of the tail as small cone-shaped projections. The genital primordium is situated ventrally, between the intestine and body wall. In lateral view, the primordium is narrow, lens-shaped. In ventral view (Fig. 1D) , it is oval-shaped, slightly elongated, its longitudinal axis somewhat angled to that of the larva. The tail shape and the shape of its tip differ in the various species studied.
Measurements of the examined larvae are given in Table II .
Rhabdias bufonis (Figs 2, 3A-E).
Sheath. Typically shaped, with rounded anterior and tapering posterior extremity. Apical thickening prominent, internal projection wide, cone-shaped ( Fig. 2A) . In caudal region, slight dilation of sheath present at level of larval posterior end ( Figs 2C, 3D ). Caudal part of sheath attenuated posterior to dilation, tail tip rounded. Pattern of sheath striation square-shaped.
Larva. Anterior end with dorsal and ventral pseudolabia, rounded in median view, triangular with rounded tip in lateral view (Figs 2A, B, 3A, B) . Anterior edge of pseudolabia cuticularized. Stoma typical, anterior part of oesophagus surrounding its posteriormost extremity only. Dilation of oesophageal corpus prominent; isthmus narrow; bulb elongated, oval-shaped (Fig. 3E) . Caudal region gradually tapering, posterior extremity rounded. Several minute knobs (6-8 observed) present on tail tip (Figs 2D, 3C ). Lateral alae distinct in posterior part of body, consisting of two equally prominent longitudinal ridges, ending about midway between level of phasmids and tail end (Fig. 3C) .
Rhabdias rubrovenosa (Figs 1A, 3F-J, 4A, B).
Sheath. Anterior end narrow, rounded, with prominent apical thickening (Fig. 4A) . Posterior end gradually tapering. Slight constriction may be present posterior to level of end of larval tail in median view (Fig. 3I) . Pattern of sheath striation squareshaped.
Larva comparatively short and stout (Fig. 1A) . Maximum width between posterior end of oesophagus and mid-body. Anterior end with anteriorly directed dorsal and ventral Table I . Hosts and localities of the seven species of the Rhabdiasidae studied in this paper
Parasite species Host species Locality
Rhabdias bufonis (Schrank, 1788) Rana arvalis Nilsson, 1842 Volynska oblast, Ukraine Rhabdias rubrovenosa (Schneider, 1866) Bufotes viridis (Laurenti, 1768) Poltavska oblast, Ukraine Rhabdias sphaerocephala Goodey, 1924 Bufo bufo (Linnaeus, 1758) Kyivska oblast, Ukraine Rhabdias elaphe Sharpilo, 1976 Elaphe longissima (Laurenti, 1768) Zakarpatska oblast, Ukraine Rhabdias fuscovenosa (Railliet, 1899) Natrix natrix (Linnaeus, 1758) Kyivska oblast, Ukraine Entomelas entomelas (Dujardin, 1845) Anguis fragilis (Linnaeus, 1758) Kyivska oblast, Ukraine Entomelas dujardini (Maupas, 1916) Anguis fragilis (Linnaeus, 1758) Kyivska oblast, Ukraine Yuriy Kuzmin et al. 36 pseudolabia, each with cuticularized anterior and outer median surfaces (Figs 3F, G). Stoma typical, its posterior third or half surrounded by anterior part of oesophagus. Corpus of oesophagus comparatively narrow, dilated anterior to nerve ring. Isthmus not very pronounced, quickly widening into broad, elongated bulb with nearly parallel sides (Fig.   3J ). Lateral alae consist of two low and narrow ridges present along entire body, but less conspicuous in posterior region. Caudal region gradually tapering posteriorly (Fig. 3H) . Two minute transverse grooves present on dorsal and ventral sides at 6-8 from posterior end (Fig. 4B) . Tail end sharply pointed. Larva. Anterior end with anteriorly directed dorsal and ventral pseudolabia -triangular with rounded tip both in median and lateral view ( Figs 4C, 5A, B) . Anterior surface of pseudolabia cuticularized. Stoma typical, its posterior third or half surrounded by anterior part of oesophagus. Corpus of oesophagus almost cylindrical, slightly widened posteriorly, rounded in anterior part; isthmus narrow, somewhat wavy in studied specimens; oesophageal bulb elongated, oval-shaped (Fig. 5E ). Lateral alae indistinct in posterior part. Rectum long, tubular (Fig. 4D) . Caudal part of body conical, elongated, with slight constriction separating almost spherical tail tip covered with 6-8 minute knobs (Figs 4D, 5C ). Figs 5F-K, 6 ).
Rhabdias elaphe, homogonic IL (
Sheath. Anterior end rounded, with funnel-shaped apical thickening slightly elevated anteriorly as circular projection around oral opening ( Figs 6A, B) . Posterior end pointed. Slight constriction of sheath present at level of larval posterior end (Fig. 5I) . Pattern of sheath striation rectangular, longitudinally elongated.
Larva. Anterior end rounded, slightly flattened (Figs 5F, G, 6A, B). Two lateral rounded projections (lips) present. Submedian lips indistinct in lateral view. Stoma almost cylindrical, slightly widened in mid-region, anterior part of oesophagus surrounding its posteriormost extremity only (Figs 6A, B) . Oesophagus narrow; corpus distinctly wider than isthmus; isthmus widening relatively abruptly into oval-shaped, elongated posterior bulb with nearly parallel sides (Fig. 5K) . Lateral alae distinct in posterior part, consisting of two prominent ridges, vanishing posteriorly at mid-distance between phasmids and tail tip (Fig. 5H) . Tail conical, without constrictions or dilations; tail tip rounded and smooth ( Figs 5H, J, 6D ).
Rhabdias fuscovenosa, homogonic IL (Fig. 7) .
Sheath. Anterior end rounded, posterior end tapering. Apical thickening present, as well as shallow radial folds on apical surface. Caudal end sharply pointed, slight dilation present at level of larval caudal extremity (Figs 7C, D) . Pattern of sheath striation rectangular, longitudinally elongated.
Larva. Anterior end rounded, no pseudolabia observed ( Fig  7E) . Stoma almost cylindrical, slightly widened anteriorly, its posterior third or half surrounded by anterior part of oesophagus. Anterior part of oesophageal corpus narrow, posterior part widened, elliptical; posterior bulb wide, elongated, with nearly parallel sides (Fig 7F) . Lateral alae most prominent in posterior region (Figs 7A, B) . Each ala consisting of single (Figs 1B, C, 8A , B, 9A-E).
Entomelas entomelas
Sheath. Apical thickening distinct, with short inner protuberance (Fig. 8A) . Pattern of sheath striation almost squareshaped along the entire sheath (Fig. 1C) . Posterior end tapering, posterior extremity finely pointed. Several (3-4) deep transverse folds present in caudal region posterior to level of larval tail tip (Fig. 9C) .
Larva. Anterior extremity rounded, with ventral and dorsal pseudolabia ( Figs 8A, 9A, B) . Pseudolabia small, triangular in apical view, their apices directed outwards. Stoma funnelshaped in anterior part, almost cylindrical in posterior part. Oesophagus with prominent dilation of corpus, procorpus cylindrical, metacorpus oval-shaped; isthmus narrow, gradually widening posteriorly; bulb elongated, with nearly parallel sides, wider in posterior part ( Figs 1B, 9E ). Lateral alae present as two low longitudinal ridges, indistinct in posterior part of body. Tail with slight constriction in posterior third (Fig.  9D) . Tail end rounded, with 6-8 round knobs on tip, of which three apical ones larger than others ( Figs 8B, 9D ).
Entomelas dujardini (Figs 8C, D, 9F, K).
Sheath. Anterior end rounded. Apical thickening distinct, without inner projection (Fig. 8C) . Posterior part tapering, posterior half of caudal region attenuated (Figs 9I, J) . Tail tip thin, pointed or with minute cuticular bulb. Pattern of sheath striation almost square-shaped along the entire sheath.
Larva. Anterior end rounded, with no distinct lips or pseudolabia (Figs 8C, 9H) . Stoma funnel-shaped in anterior half, cylindrical in posterior half. Oesophagus with dilated, ovalshaped metacorpal bulb; isthmus widening posteriorly; posterior bulb elongated, with nearly parallel sides (Fig. 9K) . Lateral alae indistinct in posterior region. Tail end with constriction in posterior third (Figs 8D, 9F) . In constricted part, transverse striation of larval cuticle very prominent (Fig. 8D) . Tail end rounded, with slight indent forming two lateral lobes on tail tip. Left lobe somewhat longer than right one (Figs 9F, G).
Discussion
The infective larvae of the seven rhabdiasid species studied herein resembled previously described species in many characters. In all studied larvae the shape of the body, the shape and position of the genital primordium and the position of the nerve ring were similar.
The ornamentation of the sheath appeared to be almost identical in all studied species belonging to two genera and parasitizing three separate host groups: anuran amphibians, lizards and snakes. The combination of external longitudinal striation and internal longitudinal and transverse striations that creates the chequered aspect of the sheath was previously reported for several rhabdiasid species: R. chamaeleonis, R. jarki, R. okuensis, R. mariauxi, R. vencesi, R. brygooi, Pneumonema tiliquae Johnston, 1916 and C. cayennensis (Ballantyne 1991; Lhermitte-Vallarino and Bain 2004; Lhermitte-Vallarino et al. 2005 , 2008 Junker et al. 2010) . As proposed by Junker et al. (2010) , it appears the chequered aspect of the sheath is characteristic for infective larvae of all species of the Rhabdiasidae. Yuen (1965) stated that the oesophagus in IL of R. brachylaimus (Linstow, 1903) was not rhabditiform, contrary to that in the first-and second-stage larvae. However, the dilation of the oesophagus at its mid-length, just anterior to the nerve ring, was described in IL of various previously studied rhabdiasid species (Goodey 1924; Yuen 1965; Baker 1979; Kuzmin 1997; Lhermitte-Vallarino and Bain 2004; LhermitteVallarino et al. 2005) . Apparently, this dilation is homologous to the metacorpus of the rhabditoid larval stages 1 and 2. In our opinion, the oesophagus of the IL may be identified as modified rhabditiform, in contrast to the club-shaped strongyliform oesophagus of the Strongylida or the filariform oesophagus of the Strongyloididae (Anderson 2000) .
The particular shape of the stoma, i.e. funnel-shaped anterior part and cylindrical posterior part, is another character shared by the IL of most rhabdiasid species studied. A similar structure of the stoma was observed in R. mariauxi and R. brygooi (Lhermitte-Vallarino et al. 2009 and in six of the seven species in the present study. In R. elaphe, however, the stoma was widened in its mid-region, not in the anterior segment. Yuen (1965) described a cylindrical stoma in R. brachylaimus.
Apical protuberances (pseudolabia) were observed in some IL of the Rhabdiasidae. Baker (1979) recorded two lateral protuberances in IL of R. americanus from North-American amphibians and Lhermitte-Vallarino et al. (2010) found dorsal and ventral protuberances in IL of R. brygooi from Malagasy chameleons. We observed dorsal and ventral pseudolabia in IL of three Rhabdias species parasitizing amphibians (R. bufonis, R. rubrovenosa, R. sphaerocephala) and in E. entomelas parasitizing lizards. Pseudolabia in IL of Rhabdias were generally similar, rounded triangular in shape and directed almost anteriorly. In E. entomelas, pseudolabia were smaller, more acute and directed sidewards (Figs 8A, 9A) . In R. elaphe, lateral lips were noticeable, though they did not look like protuberances (Fig. 5F ). No signs of pseudolabia were found in IL of E. dujardini and R. fuscovenosa. The presence of pseudolabia was not reported in IL of any other rhabdiasid species. Junker et al. (2010) considered the shape of the tail extremity in IL of the Rhabdiasidae as an important diagnostic character. The authors suggested that the IL of the species of Rhabdias parasitizing chameleons differed from those of other species of the family by the presence of ornamentation on the tail tip. In the present study we observed ornamentation on the tail tip of IL of R. bufonis and R. sphaerocephala (parasites of amphibians) and E. entomelas (parasite of lizards). Obviously, there is no relationship between the presence of ornamentation on the tail tip of IL and the systematic position of the species or its specificity to a particular host group. The shape of the tip of the tail of the IL of the remaining species varied: smooth and rounded in R. elaphe, rounded and divided into two lobes in E. dujardini, sharply pointed in R. rubrovenosa, and triangular, composed of a fusion of the lateral alae in R. fuscovenosa.
In R. fuscovenosa, the lateral alae were unique, formed by a single ridge on each side of the body. In IL of R. bufonis and R. elaphe the lateral alae in the posterior part of the body were similar, consisting of two low ridges. In the other species studied (E. entomelas, E. dujardini, R. rubrovenosa, R. sphaerocephala) lateral alae were not observed in the posterior part of the body. We found no relationship between the presence/absence of lateral alae in the posterior part of the body of IL and the systematic position or host specificity of the studied species.
Despite the fact that none of the qualitative characters observed in the IL of any of the studied species indicated their generic position, the combination of these characters was unique for each species (Table III) . The seven species of the Rhabdiasidae studied in the present work commonly occur in the Western Palaearctic (Kuzmin 2013) and their IL may be found in soil. The information on their morphology compiled herein will allow their recognition and identification among soil-dwelling larvae of other nematodes. 
